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4HE HIGH SPECIES RICHNESS OF TROPICAL FORESTS HAS LONG BEEN REC
OGNIZED YET THERE REMAINS SUBSTANTIAL UNCERTAINTY REGARDING THE
ACTUAL NUMBER OF TROPICAL TREE SPECIES 5SING A PANTROPICAL TREE
INVENTORY DATABASE FROM CLOSED CANOPY FORESTS CONSISTING OF
 TREES BELONGING TO  SPECIES WE USE A lTTED VALUE
OF &ISHERgS ALPHA AND AN APPROXIMATE PANTROPICAL STEM TOTAL TO
ESTIMATE THE MINIMUM NUMBER OF TROPICAL FOREST TREE SPECIES TO
FALL BETWEEN ∼ AND ∼ IE AT THE HIGH END OF PREVI
OUS ESTIMATES #ONTRARY TO COMMON ASSUMPTION THE )NDO0ACIlC
REGION WAS FOUND TO BE AS SPECIES RICH AS THE .EOTROPICS WITH
BOTH REGIONS HAVING A MINIMUM OF ∼ TREE SPECIES
#ONTINENTAL !FRICA IS RELATIVELY DEPAUPERATE WITH A MINIMUM OF
∼ TREE SPECIES 6ERY FEW SPECIES ARE SHARED AMONG
THE !FRICAN !MERICAN AND THE )NDO0ACIlC REGIONS 7E PROVIDE A
METHODOLOGICAL FRAMEWORK FOR ESTIMATING SPECIES RICHNESS IN TREES
THAT MAY HELP RElNE SPECIES RICHNESS ESTIMATES OF TREE DEPENDENT
TAXA
$IVERSITY ESTIMATION | &ISHERSgS LOGSERIES | 0ANTROPICAL | 3PATIAL RICH
NESS PATTERNS | 4ROPICAL TREE SPECIES RICHNESS
4JHOJGJDBODF TUBUFNFOU 1FPQMF BSF GBTDJOBUFE CZ UIF BNB[JOH
EJWFSTJUZ PG USPQJDBM GPSFTUT BOE XJMM CF TVSQSJTFE UP MFBSO UIBU
SPCVTU FTUJNBUFT PG UIF OVNCFS PG USPQJDBM USFF TQFDJFT BSF MBDL
JOH 8F TIPX UIBU UIFSF BSF BU MFBTU  CVU QPTTJCMZ NPSF
UIBO  USFF TQFDJFT JO UIF USPQJDT JO DPOUSBTU UP POMZ 
BDSPTT UFNQFSBUF &VSPQF "MNPTU BMM USPQJDBM USFF TQFDJFT BSF
SFTUSJDUFE UP UIFJS SFTQFDUJWF DPOUJOFOUT XIJMF UIF *OEP1BDJGJD
SFHJPO BQQFBST UP CF BT TQFDJFT SJDI BT USPQJDBM "NFSJDB XJUI FBDI
PG UIFTF UXP SFHJPOT CFJOH BMNPTU GJWF UJNFT BT SJDI JO USFF TQFDJFT
BT "GSJDBO USPQJDBM GPSFTUT 0VS TUVEZ TIPXT UIBU NPTU USFF TQFDJFT
BSF FYUSFNFMZ SBSF NFBOJOH UIBU UIFZ BSF VOEFS TFSJPVT SJTL PG
FYUJODUJPO BU DVSSFOU EFGPSFTUBUJPO SBUFT
%FTQJUF EFDBEFT PG CJPMPHJDBM JOWFOUPSJFT XPSMEXJEF XF TUJMM
EP OPU LOPX IPX NBOZ TQFDJFT FYJTU BOE IPX UIFZ BSF EJTUSJCVUFE
	
 "MUIPVHI HMPCBM QBUUFSOT PG FTUJNBUFE WBTDVMBS QMBOU TQFDJFT
SJDIOFTT BOE EJTUSJCVUJPO IBWF CFDPNF NPSF DMFBS 	
 OP QSF
WJPVT TUVEZ IBT GPDVTFE PO USFFT BT B EJTUJODU HSPXUI GPSN "T
B DPOTFRVFODF PVS FTUJNBUJPO PG UIF OVNCFS PG USFF TQFDJFT JO
USPQJDBM GPSFTUT TUJMM EFQFOET PO VOUFTUFE FYQFSU PQJOJPOT 	

SBUIFS UIBO PO BO BQQSPQSJBUF NFUIPEPMPHJDBM GSBNFXPSL BOE
EBUB TFU
(JWFO UIF JNQPSUBODF PG USFFT BT LFZ TUSVDUVSBM DPNQPOFOUT
PG GPSFTU FDPTZTUFNT TPVSDFT PG UJNCFS BOE OPOUJNCFS QSPEVDUT
BOE QSPWJEFST PG WJUBM FDPTZTUFN TFSWJDFT 	 
 UIF MBDL PG
SFMJBCMF FTUJNBUFT PG UIF UPUBM OVNCFS PG USPQJDBM USFF TQFDJFT
SFQSFTFOUT B DSJUJDBM LOPXMFEHF HBQ UIBU IBT EJSFDU DPOTFRVFODFT
GPS FTUJNBUJOH UIF EJWFSTJUZ PG PUIFS USFF EFQFOEFOU UBYB 	

" DMBTTJD FYBNQMF JT &SXJOಬT 	
 FTUJNBUF PG UIF FYJTUFODF PG 
NJMMJPO BSUISPQPE TQFDJFT XIJDI XBT CBTFE PO PCTFSWFE IPTU
TQFDJGJDJUJFT PG BSUISPQPET XJUI JOEJWJEVBM USPQJDBM USFF TQFDJFT
DPNCJOFE XJUI BO FTUJNBUF PG UIF UPUBM OVNCFS PG USPQJDBM USFF
TQFDJFT (MPCBM BSUISPQPE SJDIOFTT IBT TVCTFRVFOUMZ CFFO SFWJTFE
EPXOXBSE 	
 CVU DVSSFOU FTUJNBUFT TUJMM TVGGFS GSPN UIF MBDL PG
JOGPSNBUJPO PO UIF OVNCFS PG USPQJDBM USFF TQFDJFT
*O SFDFOU EFDBEFT UIF OVNCFS PG USFF JOWFOUPSZ QMPUT BDSPTT
UIF USPQJDT IBT HSPXO UP TVDI BO FYUFOU UIBU TQFDJFT SJDIOFTT
FTUJNBUJPO BU UIF DPOUJOFOUBM BOE QBOUSPQJDBM TDBMF DBO OPX CF
BEESFTTFE VTJOH TUBOEBSEJ[FE TQFDJFT MJTUT XJUI BCVOEBODF EBUB
1SJPS FTUJNBUFT PG QMBOU SJDIOFTT BU TVDI CSPBE TDBMFT IBWF CFFO
CBTFE PO BOBMZTFT PG JODJEFODF EBUB PCUBJOFE GSPN IFSCBSJVN
DPMMFDUJPOT BOE 'MPSB USFBUNFOUT 	
 )PXFWFS UIFTF NFUIPET
BSF IJHIMZ TFOTJUJWF UP DPMMFDUJOH CJBTFT BOE JHOPSF WBMVBCMF JO
GPSNBUJPO PO TQFDJFTಬ BCVOEBODFT 	
 "CVOEBODF EBUB FOBCMF
FYUSBQPMBUJPO PG SJDIOFTT GSPN MPDBM UP HMPCBM TDBMFT VTJOH EJWFSTJUZ




8F FTUJNBUF UIF OVNCFS PG USPQJDBM USFF TQFDJFT GSPN B TUBO
EBSEJ[FE EBUBTFU PG PMEHSPXUI USPQJDBM GPSFTU USFF JOWFOUPSJFT 	JO
DMVEJOH HZNOP BOE BOHJPTQFSNT XJUI EJBNFUFST BU CSFBTU IFJHIU
	ECI
 ุ  DN
 5IJT EBUBTFU DPOUBJOT USFF TQFDJFT BCVOEBODF EBUB
GPS  POFEFHSFF HSJE DFMMT 	MPDBUJPOT
 PSJHJOBMMZ EPNJOBUFE CZ
DMPTFE DBOPQZ GPSFTUT BDSPTT UIF USPQJDT 	'JH 
 #Z DBMDVMBUJOH
'JTIFSಬTBMQIB 	
 BU UIF QBOUSPQJDBM TDBMF BOE DPNCJOJOH UIJT
WBMVF XJUI UIF FTUJNBUFE QPUFOUJBM OVNCFS PG TUFNT QSFTFOU XJUIJO
 LN PG FBDI MPDBUJPO XF BSSJWF BU B NJOJNVN OVNCFS PG
USPQJDBM USFF TQFDJFT PG BU MFBTU ∼ BOE QPTTJCMZ NPSF UIBO
∼ 	5BCMF 
 JF BU UIF IJHI FOE PG DVSSFOU UPUBM FTUJNBUFT
PG  	
  	
 BOE  	
 XIJDI BSF CBTFE PO FYQFSU
PQJOJPO
8IFO UIF BOBMZTJT XBT SFTUSJDUFE UP FBDI PG UIF UISFF NBJO
USPQJDBM SFHJPOT XF GPVOE UIBU UIF *OEP1BDJGJD IBE DPNQBSBCMF
USFF TQFDJFT SJDIOFTT UP UIBU GPVOE JO USPQJDBM "NFSJDB 	5BCMF

 .PSFPWFS UIFTF UXP SFHJPOT TIPX TJNJMBS SBUFT PG TQFDJFT
UVSOPWFS GPS B HJWFO JODSFBTF JO HFPHSBQIJDBM EJTUBODF CFUXFFO
MPDBUJPOT 	'JH 
 5IJT SFTVMU DPOUSBEJDUT UIF XJEFMZ IFME WJFX
UIBU UIF /FPUSPQJDT BSF UIF NPTU EJWFSTF BOE TQFDJFTSJDI SFHJPO
GPS USPQJDBM USFFT 	   
 5IJT VOEFSFTUJNBUJPO PG *OEP
1BDJGJD USFF TQFDJFT SJDIOFTT BOE PVS JODMVTJPO PG ESZ BT XFMM BT
NPJTU BOE XFU GPSFTUT NBZ FYQMBJO XIZ TPNF PG UIF QSFWJPVT
FTUJNBUFT 	 
 BSF MPXFS UIBO PVST /FWFSUIFMFTT UIF IJHI TQFDJFT
SJDIOFTT JO UIF *OEP1BDJGJD JT VOEFSTUBOEBCMF HJWFO UIF IJHIMZ
WBSJBCMF UPQPHSBQIZ DPNQMFY HFPMPHJDBM IJTUPSZ TUFFQ FOWJSPO
NFOUBM HSBEJFOUT QBTU BOE POHPJOHNFSHJOH PG TFWFSBM DPOUSBTUJOH
GMPSBT GSPN.BEBHBTDBS *OEJB 4PVUIFBTU "TJB BOE /FX(VJOFB
"VTUSBMJB 	 
 BT XFMM BT UIF MBSHF DVSSFOU BOE UJNF JOUFHSBUFE
GPSFTU BSFB 	

5SPQJDBM DPOUJOFOUBM "GSJDB IBT B SFMBUJWFMZ EFQBVQFSBUF USFF
GMPSB B GJOEJOH DPOTJTUFOU XJUI FBSMJFS TUVEJFT 	 
 5IJT SF
HJPO TIPXT DPNQBSBUJWFMZ MPX TQFDJFT UVSOPWFS JO PUIFS XPSET
BT TBNQMF BSFB JODSFBTFT UIF OVNCFS PG USFF TQFDJFT JODSFBTFT
BU B NVDI TMPXFS SBUF UIBO JO FJUIFS UIF *OEP1BDJGJD PS UIF
/FPUSPQJDT 	'JH 
 5IF EJGGFSFODFT JO TQFDJFT SJDIOFTT BOE TQBUJBM
UVSOPWFS DPNQBSJOH DPOUJOFOUBM "GSJDB XJUI UIF PUIFS USPQJDBM
SFHJPOT DBOOPU CF FYQMBJOFE TPMFMZ CZ "GSJDBಬT TNBMMFS GPSFTU BSFB
PS MPXFS FOWJSPONFOUBM WBSJBCJMJUZ 	5BCMF  'JH 4
 3BUIFS
UIFTF EJTQBSJUJFT TVQQPSU UIF IZQPUIFTJT UIBU "GSJDBO GPSFTUT IBWF
3IGNIlCANCE
0EOPLE ARE FASCINATED BY THE AMAZING DIVERSITY OF TROPICAL
FORESTS AND WILL BE SURPRISED TO LEARN THAT ROBUST ESTIMATES OF
THE NUMBER OF TROPICAL TREE SPECIES ARE LACKING 7E SHOW THAT
THERE ARE AT LEAST  BUT POSSIBLY MORE THAN  TREE
SPECIES IN THE TROPICS IN CONTRAST TO ONLY  ACROSS TEMPERATE
%UROPE !LMOST ALL TROPICAL TREE SPECIES ARE RESTRICTED TO THEIR
RESPECTIVE CONTINENTS WHILE THE )NDO0ACIlC REGION APPEARS TO
BE AS SPECIES RICH AS TROPICAL !MERICA WITH EACH OF THESE TWO
REGIONS BEING ALMOST lVE TIMES AS RICH IN TREE SPECIES AS !FRICAN
TROPICAL FORESTS /UR STUDY SHOWS THAT MOST TREE SPECIES ARE
EXTREMELY RARE MEANING THAT THEY ARE UNDER SERIOUS RISK OF
EXTINCTION AT CURRENT DEFORESTATION RATES











































































































































&IG  /VERVIEW OF SAMPLE LOCATIONS AND THEIR mORISTIC AFlNITIES POINT COLORS CORRESPOND TO SCORES ON THE lRST $#!AXIS WITH SIMILAR COLOURS INDICATING SIMILAR
GENERIC COMPOSITION WHILE THE LINES INDICATE THE mORISTIC AFlNITIES AS DETERMINED BY CLUSTER ANALYSIS	

















!FRICA      X  
!MERICA      X  
)NDO0ACIlC      X  
0ANTROPICAL      X  
/BSERVED VALUES REPRESENT THE NUMBERS IN THE ORIGINAL DATASET 5NIDENTIlED STEMS WERE EXCLUDED FROM ESTIMATION OF MINIMUM &ISHERಬSALPHA BUT USED TO
CALCULATE MAXIMUM &ISHERಬSALPHA %STIMATED STEMS REPRESENT THE NUMBER OF STEMS PREDICTED TO OCCUR WITHIN  KM OF EACH OF THE  SAMPLE LOCATIONS
&IG  )NCREASE IN &ISHERಬSALPHA WITH A	 INCREASING NUMBERS OF LOCATIONS
AVERAGE OF  REPLICATES PER REGION WITH RANDOM INPUT ORDER OF LOCATIONS	
IE REGIONAL DIVERSITY AND B	 INCREASING DISTANCE AROUND LOCATIONS BASED ON
 REPLICATES PER REGION EACH WITH A RANDOMLY SELECTED STARTING LOCATION	 IE
SPECIES TURNOVER %RROR BARS INDICATE STANDARD DEVIATION AMONG LOCATION RE
ORDERINGS &ISHERಬSALPHA CAN DECLINE IF THE NUMBER OF STEMS ADDED TO THE
SAMPLE INCREASES DISPROPORTIONALLY TO THE NUMBER OF NEW SPECIES DETECTED
FYQFSJFODFE TFWFSF FYUJODUJPO FWFOUT EVF UP SFQFBUFE TISJOLBHF
PG GPSFTU BSFB EVSJOH UIF 1MFJTUPDFOF 	 
 8IFO UIFTF GPSFTUT
FYQBOEFE UP UIFJS QSFTFOU TJ[F UIFZ DPVME POMZ CF SFQPQVMBUFE CZ
B TFWFSFMZ EFQMFUFE TQFDJFT QPPM EFSJWFE GSPN B MJNJUFE OVNCFS PG
SFGVHJB *O DPOUSBTU USPQJDBM "NFSJDB SFUBJOFE DPOTJEFSBCMF GPSFTU
DPWFS BOE FRVBUPSJBM GPSFTUT PG UIF *OEP1BDJGJD NBZ FWFO IBWF
FYQBOEFE EVSJOH UIF TBNF QFSJPE 	   

8F QSPWJEF UIF GJSTU TVSWFZCBTFE NJOJNVN FTUJNBUF PG USPQ
JDBM USFF TQFDJFT SJDIOFTT BOE JUT EJTUSJCVUJPO 8F BDLOPXMFEHF
IPXFWFS UIBU UIF DVSSFOU FTUJNBUF JT KVTU B GJSTU TUFQ JO BO POHPJOH
FGGPSU &TUJNBUFT PG TQFDJFT SJDIOFTT XJMM CFDPNF NPSF SFGJOFE
BOE JODSFBTJOHMZ BDDVSBUF BT GPSFTU TVSWFZT DPOUJOVF UP FYQBOE
5IJT TUVEZ IJHIMJHIUT UIF VTFGVMOFTT BOE DSJUJDBM JNQPSUBODF PG
GPSFTU TVSWFZT BOE XF FNQIBTJ[F PODF NPSF UIF FYJTUFODF PG
MBSHF OVNCFST PG USFF TQFDJFT XJUI FYDFQUJPOBMMZ TNBMM QPQVMBUJPO
TJ[FT XIJDI NBZ OFDFTTJUBUF OPWFM DPOTFSWBUJPO BQQSPBDIFT GPS
FGGFDUJWF QSFTFSWBUJPO PG DVSSFOU USFF EJWFSTJUZ 	 

-ATERIALS AND -ETHODS
$ATA SET 4REE INVENTORY DATA GYMNOSPERMS AND ANGIOSPERMS ONLY TRUNK
DIAMETER AT BREAST HEIGHT ุ  CM	 FROM OLDGROWTH FOREST PLOTS WITHOUT
SIGNS OF RECENT HUMAN DISTURBANCEWERE COMPILED FROM ACROSS THE TROPICS AND
SUBTROPICS IE WITHIN O NORTH AND SOUTH OF THE %QUATOR	 )NDIVIDUAL TREES
FROM THE INVENTORIES WERE POOLED WITHIN THEIR RESPECTIVE ONE DEGREE GRID
CELLS HENCEFORTH CALLED LOCATIONS	 3PECIES NAMES WERE STANDARDIZED USING
ಫ4HE 0LANT ,ISTಬ WWWTHEPLANTLISTORG ಫ4AXONOMIC .AME2ESOLUTION 3ERVICEಬ
HTTPTNRSIPLANTCOLLABORATIVEORG4.23APPHTML AND ಫ4HE !SIAN 0LANT
3YNONYM ,OOKUPಬ HTTPPHYLODIVERSITYNETFSLIKSYNONYM LOOKUPHTM 5N
KNOWN TAXA WERE NOT USED IN DIVERSITY AND COMPOSITION ANALYSES 7E RE
MOVED ALL LOCATIONS WITH FEWER THAN  IDENTIlED INDIVIDUALS TO MINIMIZE
EFFECTS OF SAMPLE SIZE RESULTING IN  RETAINED LOCATIONS $ATASET 3	 EACH
SHOWING A REASONABLY HIGH SAMPLE COVERAGE  s  MEAN s 3%	 THAT
DID NOT DIFFER AMONG GEOGRAPHIC AREAS 4ABLE 3	 THUS SUGGESTING THAT OUR
ESTIMATIONS OF SPECIES RICHNESS WERE NOT BIASED BY DIFFERENCES IN SAMPLE
COVERAGE AMONG REGIONS
0HYLOGEOGRAPHIC ANALYSES 4O IDENTIFY THE MAIN TROPICAL REGIONS FOR
SPECIES RICHNESS COMPARISON WE PERFORMED ಫ-INIMUM 6ARIANCE #LUSTERINGಬ
WITH ಫ3QUARED %UCLIDEAN $ISTANCESಬ ON SQUAREROOT TRANSFORMED RELATIVE
ABUNDANCE DATA AT THE GENUS LEVEL &IG 3	 4HESE ANALYSES WERE CONDUCTED
AT THE GENUS LEVEL BECAUSE VIRTUALLY NO OVERLAP EXISTED BETWEEN CONTINENTS
AT THE SPECIES LEVEL 7E SUBSEQUENTLY RAN A $ETRENDED #OMPONENT !NALYSIS
TO VISUALIZE THESE mORISTIC PATTERNS ACROSS THE TROPICS &IG 	 4O ASSESS
IF DIFFERENCE IN SPECIES RICHNESS AND TURNOVER AMONG REGIONS ARE RELATED
TO DIFFERENCES IN ENVIRONMENTAL VARIABILITY AMONG REGIONS WE PERFORMED
A 0RINCIPAL #OMPONENT !NALYSIS 0#!	 OF LOCATIONS VERSUS ENVIRONMENTAL
VARIABLES CLIMATIC DATA 	 AND EDAPHIC DATA 		 &IG 3	
3AMPLE COVERAGE AND NONPARAMETRIC ESTIMATORS OF SPECIES RICHNESS "E
CAUSE ESTIMATES OF SPECIES RICHNESS CAN BE STRONGLY DEPENDENT ON DIFFERENCES
IN INVENTORY COMPLETENESS  	 WE ESTIMATED THE INVENTORY COMPLETENESS











































































































































COVERAGE ESTIMATOR RECOMMENDED BY #HAO  3HEN 	 WHICH IS A REDUCED
BIAS ESTIMATOR OF SAMPLE COMPLETENESS
WHERE F AND F ARE THE NUMBER OF SPECIES REPRESENTED BY ONE SINGLETONS	
AND TWO DOUBLETONS	 INDIVIDUALS IN THE SAMPLE RESPECTIVELY N IS THE TOTAL
NUMBER OF INDIVIDUALS IN THE SAMPLE AND IS THE PROPORTION OF THE TOTAL
NUMBER OF INDIVIDUALS IN AN ASSEMBLAGE OBSERVED AND NOT OBSERVED	 THAT
BELONG TO THE SPECIES REPRESENTED IN THE SAMPLE 3AMPLE COVERAGEWAS ALMOST
IDENTICAL IN ALL REGIONS 4ABLE 3	 SUGGESTING THAT OUR REGIONAL COMPARISONS
OF SPECIES RICHNESS WERE NOT BIASED BY DIFFERENCES IN SAMPLE COVERAGE AMONG
REGIONS NOR WAS OUR PANTROPICAL ESTIMATE DISPROPORTIONATELY INmUENCED BY
ANY ONE REGION 	
%STIMATES OF SAMPLE COVERAGE INDICATED THAT MORE THAN  OF ALL THE
TREES PRESENT IN THE TROPICS BELONGED TO SPECIES INCLUDED IN OUR RECORDED
SAMPLES 4ABLE 3	 7E ALSO COMPUTED ESTIMATES OF SPECIES RICHNESS BASED
ON SEVERAL NONPARAMETRIC ESTIMATORS 4ABLE 3	 )N PARTICULAR WE CONSIDERED
NINE OF THE ESTIMATORS AVAILABLE IN THE SOFTWARE 30!$% 	 AND THEY
ESTIMATED THAT ON AVERAGE WE HAVE RECORDED BETWEEN  AND  OF THE
SPECIES PRESENT IN ALL REGIONS 4ABLE 3	 (OWEVER CONSISTENT WITH TER 3TEEGE
ET AL 	 WE FOUND THAT THESE METHODS UNDERESTIMATED THE SPECIES RICHNESS
AS ESTIMATES FOR EACH TROPICAL REGION  TO  SPECIES IN !FRICA  TO
 IN !MERICA AND  TO  SPECIES IN !SIA	 WERE BETWEEN ONEHALF
AND ONETHIRD OF PREVIOUS ESTIMATES BASED ON EXPERT OPINION AND AVAILABLE
mORAS 	 )N FACT RECENT ESTIMATES SUGGEST THAT THERE ARE APPROXIMATELY
 TREE SPECIES IN THE !MAZON 	 SO HAVING FEWER THAN  TREE
SPECIES IN THE WHOLE .EOTROPICS IS HIGHLY UNLIKELY 4ABLE 3	 !S TER 3TEEGE
ET AL 	 ARGUED THE FAILURE OF THESE NONPARAMETRIC METHODS TO YIELD
PLAUSIBLE ESTIMATES ARISES FROM FACT THAT THESE ESTIMATORS ARE DESIGNED TO
ESTIMATE THE EXPECTED NUMBER OF SPECIES AT A LOCAL SCALE BASED ON SAMPLES
THAT ARE FULLY REPRESENTATIVE OF THE AREA SAMPLED  	 (OWEVER LIKE TER
3TEEGE ET AL 	 WE ARE ATTEMPTING TO ESTIMATE THE NUMBER OF SPECIES FOR
THE WHOLE TROPICS INCLUDING AREAS THAT HAVE BEEN POORLY SAMPLED
3ELECTION OF SPECIESABUNDANCE DISTRIBUTION 3!$	 MODEL TO PREDICT
SPECIES RICHNESS 3EVERAL MODELS HAVE BEEN PROPOSED TO DESCRIBE OBSERVED
SPECIESದABUNDANCE DISTRIBUTIONS 3!$S	 WITHIN A COMMUNITY 	 3!$ MOD
ELS ALLOW FOR AN UNDERSTANDING OF THE ABUNDANCE STRUCTURE OF BIOLOGICAL
COMMUNITIES AND CAN BE USEFUL FOR PREDICTING UNSAMPLED PORTIONS OF COM
MUNITIES 4HE lT OF 3!$MODELS TO THE DATA DEPENDS AMONG OTHER FACTORS ON
COMMUNITY EVENNESS AND SAMPLING INTENSITY  	 &OR INSTANCE EXTREMELY
UNEVEN 3!$S ARE PREDICTED BY THE GEOMETRIC SERIES 	 WHILE UNUSUALLY EVEN
3!$S ARE PREDICTED BY THE BROKEN STICK MODEL 	 4HE LOG SERIES 	 AND LOG
NORMAL 	MODELS ARE INTERMEDIATE DIFFERING IN THE ASSUMED PROPORTIONS OF
RARE SPECIES &ISHERಬS LOG SERIES ASSUMES VERY HIGH PROPORTIONS OF RARE SPECIES
WHILE THE LOG NORMALMODEL ASSUMES VERY LOWPROPORTIONS OF RARE SPECIES 	
2EGARDING SAMPLING INTENSITY COMPLETE SURVEYS USUALLY FOLLOW LOGNORMAL
TYPES OF 3!$S WHEREAS INCOMPLETE SAMPLED COMMUNITIES USUALLY DEVIATE
FROM LOGNORMALITY 	
(ERE WE USED &ISHERಬS LOG SERIES TO ESTIMATE THE EXPECTED NUMBER OF
SPECIES WITHIN EACH REGION 4HE LOG SERIES DISTRIBUTION IS ONE OF THE MOST
FREQUENTLY USED AND THOROUGHLY INVESTIGATED MODELS OF THE RELATIONSHIP
BETWEEN SPECIES RICHNESS AND THE RELATIVE ABUNDANCE OF SPECIES 	 AND IT
HAS BEEN SUCCESSFULLY USED TO ESTIMATE THE NUMBER OF SPECIES AT DIFFERENT
SPATIAL SCALES  	 THOUGH NOT PREVIOUSLY AT AN INTERCONTINENTAL SCALE
4O lT AND COMPARE THE LOG SERIES MODEL WITH OTHER COMMONLY USED 3!$
MODELS IE LOG NORMAL "ROKENSTICK AND 0ARETO ;POWERLAW= DISTRIBUTIONS	
WE USEDMAXIMUM LIKELIHOOD TOOLS WITH THE SADS PACKAGE FOR 2  	 7E
RANKED THE MODELS FROM THE BEST TO THE WORST BASED ON !KAIKEಬS INFORMATION
CRITERION !)#	 4HE SET OF MODELS WITH A DIFFERENCE IN !)# ˂	   CAN
BE CONSIDERED TO HAVE EQUIVALENTLY STRONG EMPIRICAL SUPPORT AND SIMILAR
PLAUSIBILITY 	
'RAPHICAL COMPARISON OF THEMODELS SHOWED THAT THE LOG SERIES PROVIDED
THE BEST lT TO OUR DATA &IG 3	 THIS RESULT WAS CONlRMED BY THE !)# ANALYSES
IN WHICH THE LOG SERIES MODEL HAD THE STRONGEST SUPPORT 4ABLE 3	 4HE
VISUAL ANALYSIS OF THE FREQUENCY OF SPECIES IN OCTAVES OF ABUNDANCE SOCALLED
0RESTON PLOTS	 PREDICTED BY EACH 3!$ MODEL ALSO SUPPORTED THE IDEA THAT LOG
SERIES lT THE DATA WELL AND WAS THE BEST MODEL TO PREDICT THE PROPORTION OF
RARE SPECIES &IGS 3  3	 4HEREFORE WE CAN CONCLUDE THAT THE LOG SERIES IS
AN APPROPRIATE 3!$ MODEL TO lT OUR DATA
!PPLICATION OF THE &ISHERಬS LOGSERIES &ISHERಬSALPHA VALUES CAN BE USED
TO EXTRAPOLATE SPECIES RICHNESS OF A DElNED REGION IF THE NUMBER OF INDI
VIDUALS IS KNOWN %XTRAPOLATIONS WITH &ISHERಬSALPHA HOWEVER RELY ON TWO
ASSUMPTIONS I	 SPECIES ABUNDANCES ARE DISTRIBUTED IN A LOGSERIES MANNER
AND II	 THE PLANT COMMUNITY IS HOMOGENEOUS AT THE SCALE OF THE SAMPLING
4HE lRST ASSUMPTION HELD TRUE IN OUR CASE AND IS GENERALLY VALID EVEN FOR
SMALL SAMPLE SIZES IN TROPICAL FORESTS 	 4HE SECOND ASSUMPTION MAY BE
AN ADEQUATE APPROXIMATION AT SMALL SPATIAL SCALES FOR MOST LOWLAND TROPICAL
FORESTS  	 BUT IS UNQUESTIONABLY VIOLATED AT LARGER SPATIAL SCALES DUE
TO INCREASINGLY BIOGEOGRAPHICALLY ENVIRONMENTALLY AND SPATIALLY STRUCTURED
PLANT COMMUNITIES )N SUCH CASES A LARGE NUMBER OF RANDOMLY PLACED SAMPLE
SITES ARE NEEDED TO CAPTURE THIS HETEROGENEITY WHICH MIGHT ADEQUATELY
APPROXIMATE THE HOMOGENEITY ASSUMPTION AT A LARGE SPATIAL SCALE $ESPITE
THE LARGE NUMBER OF PLOTS USED IN THIS STUDY THE SECOND ASSUMPTION WAS NOT
COMPLETELY MET AT THE CONTINENTAL SCALE AS SHOWN BY THE INCOMPLETE LEVELING
OFF OF THE &ISHERಬSALPHA CURVES &IG A	 4HIS MEANS THAT OUR REGIONAL &ISHERಬS
ALPHA VALUES AND THUS OUR SPECIES RICHNESS ESTIMATES REMAIN MINIMUM
ESTIMATES OF THE TRUE VALUES
,OWERBOUND ESTIMATION OF SPECIES RICHNESS &OR EACH ONE DEGREE GRID
CELL LOCATED WITHIN  KM OF OUR  LOCATIONS EXCLUDING MAJOR WATER
BODIES	 WE CALCULATED THE TOTAL NUMBER OF STEMS AS THE INVERSE DISTANCE
WEIGHTED AVERAGE OF THE STEM DENSITY OBSERVED IN THE lVE NEAREST LOCATIONS
MULTIPLIED BY THE SIZE OF EACH GRID CELL &IG 3	 ,ATITUDINAL CHANGE IN GRID CELL
SIZEWAS TAKEN INTO ACCOUNT "ECAUSE OUR ANALYSIS WAS FOCUSED ON ORIGINAL PO
TENTIAL	 TREE SPECIES RICHNESS WE IGNORED RECENT DEFORESTATION 5NCERTAINTY
IN THIS SPATIAL EXTRAPOLATION WAS ASSESSED WITH A JACKKNIFE APPROACH USING
 RUNS *ACKKNIlNG REMOVES EACH DATA POINT IN TURN AND RECOMPUTES THE
SPATIAL SURFACE BASED ON THE REMAINING POINTS 4HE DIFFERENCES BETWEEN THE
ORIGINAL DATA VALUES AND THE CROSSVALIDATED VALUES INDICATE THE PREDICTION
ACCURACY OF THE SURFACE MODEL &IG 3	
4HE LOWERBOUND OF SPECIES RICHNESS AT THE PANTROPICAL AND CONTINENTAL
SCALES WAS THEN CALCULATED USING &ISHERಬS LOG SERIES WITH &ISHERಬSALPHA AND
TOTAL NUMBER OF STEMS AS INPUT VARIABLES AT EACH SPATIAL SCALE 3INCE THE TOTAL
NUMBER OF STEMS WAS UPSCALED BY SEVERAL ORDERS OF MAGNITUDES ONE MIGHT
EXPECT THAT THIS EXTREME EXTRAPOLATION COULD POTENTIALLY CAUSE A LARGE ERROR
IN OUR SPECIES RICHNESS ESTIMATES (OWEVER A SIMPLE SENSITIVITY TEST IN WHICH
WE VARIED STEM NUMBERS BETWEEN  AND  TIMES THE ESTIMATED VALUES FOR
EACH SPATIAL SCALE A RANGE MUCH LARGER THAN THE OBSERVED ERROR IN OUR STEM
NUMBER PREDICTIONS	 SHOWED THAT THIS EXTREME PERTURBATION IN STEM NUMBER
RESULTED IN ONLY A  DIFFERENCE IN NUMBER OF SPECIES PREDICTED 4ABLE 3	
5PPERBOUND ESTIMATION OF SPECIES RICHNESS /UR SPECIES RICHNESS ESTI
MATES ARE NEAR THE TRUE VALUE IF THE UNIDENTIlED SPECIES INDIVIDUAL RECORDED
BUT NOT IDENTIlED	 IN THE TREE INVENTORIES WHICH WE EXCLUDED FROM THE
ANALYSES FOLLOW THE SAME RANKABUNDANCE PATTERN AS THE IDENTIlED SPECIES
(OWEVER IF RARE SPECIES ARE DISPROPORTIONATELY REPRESENTED IN THE UNIDEN
TIlED CATEGORY OUR ANALYSES MAY HAVE UNDERESTIMATED THE TRUE &ISHERಬS
ALPHA AND THUS THE SPECIES RICHNESS ESTIMATES "ECAUSE WE DID NOT KNOW
THE RELATIVE ABUNDANCE OF RARE SPECIES IN THE CATEGORY OF UNIDENTIlED
INDIVIDUALS WE SELECTED A DATASET OF MULTIPLE TREE INVENTORIES WITH A TOTAL
OF  INDIVIDUAL TREES FROM EASTERN "ORNEO FOR WHICH THIS INFORMATION
WAS AVAILABLE !LL INDIVIDUALS IN THIS DATASET WERE EITHER IDENTIlED TO SPECIES
OR ONLY TO MORPHOSPECIES UNIDENTIlED	 ! -ANN7HITNEY 7 TEST SHOWED
THAT NOT SURPRISINGLY RARE SPECIES WERE DISPROPORTIONATELY REPRESENTED IN
THE UNIDENTIlED CATEGORY DF   .   7   P  	
5SING LOGISTIC REGRESSION OF SPECIES SQUARE ROOT TRANSFORMED ABUNDANCE
VERSUS IDENTIlCATION STATUS IDENTIlED VERSUS UNIDENTIlED	 WE PREDICTED
THE PROBABILITY THAT A TREE SPECIES WOULD BE CLASSIlED AS IDENTIlED 4HIS
ಫCLASSIlCATION PROBABILITYಬ WAS THEN ASSIGNED TO EACH INDIVIDUAL TREE BE
LONGING TO THAT SPECIES !FTER ADDING A RANDOM NUMBER BETWEEN ZERO AND
ONE TO THE ಫCLASSIlCATION PROBABILITYಬ OF EACH INDIVIDUAL TREE TO ACCOUNT FOR
THE FACT THAT EVEN INDIVIDUALS BELONGING TO COMMON SPECIES MAY REMAIN
UNIDENTIlED WE SORTED THE WHOLE LIST OF INDIVIDUALS FROM HIGH TO LOW 7E
PRODUCED TEN SUCH SORTED LISTS EACH TIME VARYING THE RANDOM NUMBER ADDED
TO THE ಫCLASSIlCATION PROBABILITYಬ OF AN INDIVIDUAL TREE &OR EACH LIST WE COULD
THEN COUNT THE NUMBER OF SPECIES PRESENT WITHIN ANY LEVEL OF IDENTIlED
INDIVIDUALS AND CALCULATE A MINIMUM &ISHERಬSALPHA 4HE AVERAGE OF THESE
TEN MINIMUM &ISHERಬSALPHA VALUES COULD THEN BE COMPARED TO THE ACTUAL
&ISHERಬSALPHA OBSERVED FOR THE WHOLE LIST $IVIDING THE ACTUAL &ISHERಬSALPHA
BY THE MINIMUM &ISHERಬSALPHA GIVES AN INmATION FACTOR WITH WHICH OBSERVED
&ISHERಬSALPHA VALUES CAN BE MULTIPLIED TO ESTIMATE THE UPPER BOUNDARY OF
&ISHERಬSALPHA FOR ANY PERCENTAGE OF IDENTIlED SPECIES 4HE INmATION FACTOR
9	 SHOWED A POWERFUNCTION RELATIONSHIP WITH RATIO OF IDENTIlED INDIVIDUALS
8	 GIVEN BY 9   X 8 5SING THE APPROPRIATE INmATION FACTOR WE
CALCULATED THE MAXIMUM EXPECTED SPECIES RICHNESS AT ALL SPATIAL SCALES 4ABLE
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 5IF CJPEJWFSTJUZ PG TQFDJFT BOE UIFJS SBUFT PG FYUJODUJPO EJTUSJCVUJPO
BOE QSPUFDUJPO 4DJFODF  
 ,JFS ( FU BM 	
 (MPCBM QBUUFSOT PG QMBOU EJWFSTJUZ BOE GMPSJTUJD LOPXMFEHF + #JPHFPHS 

 .VULF + #BSUIMPUU8 	
 1BUUFSOT PG WBTDVMBS QMBOU EJWFSTJUZ BU DPOUJOFOUBM UP HMPCBM TDBMFT
#JPM 4LS  
 ,SFGU ) +FU[ 8 	
 (MPCBM QBUUFSOT BOE EFUFSNJOBOUT PG WBTDVMBS QMBOU EJWFSTJUZ 1SPD
/BUM "DBE 4DJ 64"  
 +PQQB -/ 3PCFSUT %- 1JNN 4- 	
 )PX NBOZ TQFDJFT PG GMPXFSJOH QMBOUT BSF UIFSF 
1SPD 3PZ 4PD #  ದ
 &SXJO 5- 	
 5SPQJDBM GPSFTUT UIFJS SJDIOFTT JO $PMFPQUFSB BOE PUIFS BSUISPQPE TQFDJFT
$PMFPQUT #VMM  
 0EFHBBSE ' 	
 )PX NBOZ TQFDJFT PG BSUISPQPET  &SXJOT FTUJNBUF SFWJTJUFE #JPM +
-JOOFBO 4PD  
 'JOF 17" 3FF 3) 	
 &WJEFODF GPS B UJNFJOUFHSBUFE TQFDJFTBSFB FGGFDU PO UIF MBUJUVEJ
OBM HSBEJFOU JO USFF EJWFSTJUZ "N /BU  
 1BO: #JSETFZ3 'BOH + FU BM 	
" MBSHF BOE QFSTJTUFOU DBSCPO TJOL JO UIF XPSMEಬT GPSFTUT
4DJFODF  
 $IB[EPO 3- 	
 #FZPOE EFGPSFTUBUJPO SFTUPSJOH GPSFTUT BOE FDPTZTUFN TFSWJDFT PO
EFHSBEFE MBOET 4DJFODF  
 #BTTFU : FU BM 	
 "SUISPQPE EJWFSTJUZ JO B USPQJDBM GPSFTU 4DJFODF  ದ
 'FFMFZ ,+ 4JMNBO .3 	
 ,FFQ DPMMFDUJOH "DDVSBUF TQFDJFT EJTUSJCVUJPO NPEFMMJOH
SFRVJSFT NPSF DPMMFDUJPOT UIBO QSFWJPVTMZ UIPVHIU %JWFST %JTUSJC  
 $POEJU 3 FU BM 	
 4QFDJFTBSFB BOE TQFDJFTJOEJWJEVBM SFMBUJPOTIJQT GPS USPQJDBM USFFT B
DPNQBSJTPO PG UISFF IB QMPUT + &DPM  
 9V ) -JV 4 -J : ;BOH 3 )F ' 	
 "TTFTTJOH OPOQBSBNFUSJD BOE BSFBCBTFE NFUIPET
GPS FTUJNBUJOH SFHJPOBM TQFDJFT SJDIOFTT + 7FH 4DJ  
 UFS 4UFFHF ) FU BM 	
 )ZQFSEPNJOBODF JO UIF "NB[POJBO USFF GMPSB 4DJFODF 

 'JTIFS 3" $PSCFU "4 8JMMJBNT $# 	
 5IF SFMBUJPO CFUXFFO UIF OVNCFS PG TQFDJFT BOE
UIF OVNCFS PG JOEJWJEVBMT JO B SBOEPN TBNQMF PG BO BOJNBM QPQVMBUJPO + "OJN&DPM  
 (FOUSZ ") 	
 $IBOHFT JO QMBOU DPNNVOJUZ EJWFSTJUZ BOE GMPSJTUJD DPNQPTJUJPO PO
FOWJSPONFOUBM BOE HFPHSBQIJDBM HSBEJFOUT "OO .P #PU (BSE  
 (FOUSZ ") 	
 5SPQJDBM GPSFTU CJPEJWFSTJUZ EJTUSJCVUJPOBM QBUUFSOT BOE UIFJS DPOTFSWBUJPO
TJHOJGJDBODF 0JLPT  
 .PSMFZ 3+ 	
 0SJHJO BOE &WPMVUJPO PG 5SPQJDBM 3BJO 'PSFTUT8JMFZ $IJDIFTUFS 6,
 EF#SVZO.FU BM 	
 #PSOFP BOE *OEPDIJOB BSFNBKPS FWPMVUJPOBSZ IPUTQPUT GPS 4PVUIFBTU
"TJBO CJPEJWFSTJUZ 4ZTU #JPM TZTCJPTZV
 3JDIBSET 18 	
 "GSJDB UIF ಫPEE NBO PVUಬ 5SPQJDBM 'PSFTU &DPTZTUFNT PG "GSJDB BOE 4PVUI
"NFSJDB B $PNQBSBUJWF 3FWJFX FET .FHHFST #+ "ZFOTV &4 %VDLXPSUI 8% 	4NJUITPOJBO
*OTUJUVUJPO 1SFTT 8BTIJOHUPO %$ 64"
 QQ ದ
 1BSNFOUJFS * FU BM 	
 5IF PEE NBO PVU .JHIU DMJNBUF FYQMBJO UIF MPXFS USFF BMQIB
EJWFSTJUZ PG "GSJDBO SBJO GPSFTUT SFMBUJWF UP "NB[POJBO SBJO GPSFTUT + &DPM  
 "OIVG % FU BM 	
 1BMFPFOWJSPONFOUBM DIBOHF JO "NB[POJBO BOE "GSJDBO SBJOGPSFTU
EVSJOH UIF -(. 1BMBFPHFPHS 1BMBFPDM  
 $BOOPO $).PSMFZ 3+ #VTI "#( 	
 5IF DVSSFOU SFGVHJBM SBJOGPSFTUT PG 4VOEBMBOE BSF
VOSFQSFTFOUBUJWF PG UIFJS CJPHFPHSBQIJD QBTU BOE IJHIMZ WVMOFSBCMF UP EJTUVSCBODF 1SPD /BUM
"DBE 4DJ 64"  
 )VCCFMM 41 	
 5SPQJDBM SBJO GPSFTU DPOTFSWBUJPO BOE UIF UXJO DIBMMFOHFT PG EJWFSTJUZ BOE
SBSJUZ &DPM &WPM  
 )PXF )' 	
 %JWFSTJUZ TUPSBHF *NQMJDBUJPOT GPS USPQJDBM DPOTFSWBUJPO BOE SFTUPSBUJPO
(MPCBM &DPM $POTFSW  
 )JKNBOT 3+ $BNFSPO 4& 1BSSB +- +POFT 1( +BSWJT " 	
 7FSZ IJHI SFTPMVUJPO
JOUFSQPMBUFE DMJNBUF TVSGBDFT GPS HMPCBM MBOE BSFBT *OU + $MJNBUPM  
 '"0 	
 5FSSBTUBU (MPCBM -BOE 3FTPVSDFT (*4 .PEFMT BOE %BUBCBTFT GPS 1PWFSUZ BOE 'PPE
*OTFDVSJUZ .BQQJOH -BOE BOE 8BUFS %JHJUBM .FEJB 4FSJFT 
 #SPTF 6.BSUJOF[ /%8JMMJBNT 3+ 	
 &TUJNBUJOH TQFDJFT SJDIOFTT 4FOTJUJWJUZ UP TBNQMF
DPWFSBHF BOE JOTFOTJUJWJUZ UP TQBUJBM QBUUFSOT &DPMPHZ  ದ
 $IBP " +PTU - 	
 $PWFSBHFCBTFE SBSFGBDUJPO BOE FYUSBQPMBUJPO TUBOEBSEJ[JOH TBNQMFT
CZ DPNQMFUFOFTT SBUIFS UIBO TJ[F &DPMPHZ  ದ
 $IBP " 4IFO 5+ 	
 1SPHSBN 41"%& TQFDJFT QSFEJDUJPO BOE EJWFSTJUZ FTUJNBUJPO 1SPHSBN
BOE VTFSಬT HVJEF $"3& )TJO$IV 5BJXBO
 $IBP"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 4VGGJDJFOU TBNQMJOH GPS BTZNQUPUJDNJOJNVN
TQFDJFT SJDIOFTT FTUJNBUPST &DPMPHZ  ದ
 .D(JMM # FU BM 	
 4QFDJFT BCVOEBODF EJTUSJCVUJPOT NPWJOH CFZPOE TJOHMF QSFEJDUJPO
UIFPSJFT UP JOUFHSBUJPO XJUIJO BO FDPMPHJDBM GSBNFXPSL &DPM -FUU  ದ
 6MSJDI 8 0MMJL . 6HMBOE ,* 	
 " NFUBBOBMZTJT PG TQFDJFTದBCVOEBODF EJTUSJCVUJPOT
0JLPT  ದ
 .BZ 3. 	
 1BUUFSOT PG TQFDJFT BCVOEBODF BOE EJWFSTJUZ &DPMPHZ BOE FWPMVUJPO PG DPNNV
OJUJFT FET $PEZ .- %JBNPOE +. $BNCSJEHF 6OJW 1SFTT $BNCSJEHF QQ ದ
 .BD"SUIVS 3 	
 0O UIF SFMBUJWF BCVOEBODF PG CJSE TQFDJFT 1SPD /BUM "DBE 4DJ 64" 
ದ
 1SFTUPO '8 	
 5IF DPNNPOOFTT BOE SBSJUZ PG TQFDJFT &DPMPHZ  ದ
 1SBEP 1* .JSBOEB .% 	
 1BDLBHF ಫTBETಬ .BYJNVN -JLFMJIPPE .PEFMT GPS 4QFDJFT
"CVOEBODF %JTUSJCVUJPOT $3"/ IUUQQJLMQSBEPHJUIVCJPTBET
 #VSOIBN ,1 "OEFSTPO %3 	
 .PEFM TFMFDUJPO BOE NVMUJNPEFM JOGFSFODF " QSBDUJDBM
*OGPSNBUJPO5IFPSFUJD BQQSPBDI 4FDPOE &EJUJPO 4QSJOHFS 4DJFODF  #VTTJOFT .FEJB *OD
64"
 1JUNBO /$" FU BM 	
 %PNJOBODF BOE EJTUSJCVUJPO PG USFF TQFDJFT JO 6QQFS "NB[POJBO
UFSSB GJSNF GPSFTUT &DPMPHZ  
'JHVSF  0WFSWJFX PG TBNQMF MPDBUJPOT BOE UIFJS GMPSJTUJD BGGJOJUJFT 	QPJOU DPMPST DPSSFTQPOE
UP TDPSFT PO UIF GJSTU %$"BYJT XJUI TJNJMBS DPMPVST JOEJDBUJOH TJNJMBS HFOFSJD DPNQPTJUJPO
XIJMF UIF MJOFT JOEJDBUF UIF GMPSJTUJD BGGJOJUJFT BT EFUFSNJOFE CZ DMVTUFS BOBMZTJT

'JHVSF  *ODSFBTF JO 'JTIFSಬTBMQIB XJUI 	B
 JODSFBTJOH OVNCFST PG MPDBUJPOT 	BWFSBHF PG 
SFQMJDBUFT QFS SFHJPO XJUI SBOEPN JOQVU PSEFS PG MPDBUJPOT
 JF SFHJPOBM EJWFSTJUZ BOE 	C

JODSFBTJOH EJTUBODF BSPVOE MPDBUJPOT 	CBTFE PO  SFQMJDBUFT QFS SFHJPO FBDI XJUI B SBOEPNMZ
TFMFDUFE TUBSUJOH MPDBUJPO
 JF TQFDJFT UVSOPWFS &SSPS CBST JOEJDBUF TUBOEBSE EFWJBUJPO BNPOH
MPDBUJPO SFPSEFSJOHT 'JTIFSಬTBMQIB DBO EFDMJOF JG UIF OVNCFS PG TUFNT BEEFE UP UIF TBNQMF






































































&OOTLINE !UTHOR 0.!3 )SSUE $ATE 6OLUME )SSUE .UMBER 




































































